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XXV II. An Account of a Doubler cf Electricity, or a Machine 
by which the leajl conceivable Quantity of fojitive or negative 
Eleclricity may be continually doubled, till it becomes perceptible 
by common Electrometers, or vifible in Sparks. By the Rev. 
Abraham Ben net, M. A. ; communicated by the Rev. Richard 
Kaye, LL.D. F. R. S. 

Read May 10, 1787. 

THE great importance of a machine for the purpofe of 
detecting very minute quantities of electricity has oc- 
curred to many of the cultivators of this fcience ; as by fuch 
an afliftant not only many chemical combinations or folutions, 
but alfo many yet unexplained atmofpherical phenomena, may 
become intelligible. 

The labours of M. Volta have been very fuccefsful on this. 
fubjec"t by the application of his condenfer (as he terms it), 
which, by means of a thin- coated electric, is capable of re- 
ceiving a greater quantity of the electrical fluid than a com- 
mon infulated conductor, and rendering it perceptible by fepa- 
rating the pofitive and negative fides of the charged plate. On 
this ingenious contrivance Mr. Cavallo made a very confi- 
derable improvement by transferring the received quantity of 
electricity from a larger to a fmaller condenfer, as explained in 
the Phil. Tranf. Vol. LXXII. 

Notwithstanding the very great fenfibility of this apparatus, 
the electricity of the atmofphere is fometimes too weak to be 
difcoverable by it : for inftance, in fome mowers, when the 
negative ftate of the falling rain is nearly equal to the pofi- 
tive ftate of the air. Add to this the trouble of keeping an 
infulated and elevated conductor fufficiently dry, and the dan- 
ger 
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ger of it in a thunder-ftorm. I therefore contrived the fol- 
lowing doubler for the purpofe of more eafily making an 
eleftrico-meteorological diary, which I undertook at the requefl 
of my friend Dr. Darwin, who hoped, that from thence fome 
lights might be thrown on the caufes of the fudden changes of 
aerial currents, a circumftance of fo much importance to the 
early growth and maturity of vegetation. 

I place upon my eleclrometer, defcribed in a former Part 
of the Philofophical Tranfadtions, a circular brafs plate, three 
or four inches in diameter, polifhed and thinly varnifhed oh 
the upper furface. On this I place another brafs plate, of 
equal diameter, polifhed and varnifhed on both fides, with an 
infulating handle attached to one edge of it. A third plate is 
alfo provided, of equal diameter, polifhed and varnifhed on the 
■under fide, and with a perpendicular infulating handle from the 
center of the upper fide, fimilar to thofe mentioned in the 
Appendix to my laft Paper. 

The method of collecting electricity from the atmofphere,. 
and continually doubling it as much as required, is as follows. 
If the weather be dry, I carry into the open air a lighted torch, 
not liable to be eafily blown out, or a i'mall lantern with a 
lighted candle in it, to the bottom of which is fixed, by means 
of a focket, an infulating handle of glafs covered with fealing- 
wax ; in the other hand is carried a coated phial : then, ele- 
vating the flame a little higher than my head, I apply to it 
the knob of the phial, holding it in this fituation about half a 
minute. Then returning into the houfe (where the above 
defcribed doubler is kept dry, by being placed on a table not 
far from the fire), I apply the knob of the phial to the under 
fide of the firft plate, which lies immediately upon the eleclro- 
meter, and at the fame time touching the fecond plate with a 
finger of the other hand. Then laying aiide the phial, I lift up 

the 
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the iccohd plate by its infulating handle, and if the electricity 
be: not now fenfible by the electrometer, I place the third plate, 
by means of its infulating handle, upon the ie-cond plate, thus 
elevated : then touching the third plate, by ftretching a finger 
over the juncture' of its infulating handle, and again with- 
drawing the finger, I then again feparate the third plate from 
the fecond. i In this fituation it will be apparent to electricians 
that two of the plates ate of one kind of electricity, and 
nearly of equal quantity, and one only of the other. I then 
apply the third plate to touch the under furface of the firft 
plate which remains on' the electrometer, and at the fame time 
covering the firft plate with the fecond, I then touch the fecond 
plate by ftretching a ringer over the juncture of its infulating 
foa idle ; and firft taking away the- third plate, and then with- 
drawing my finger from the fecond, and lifting it up from "the 
firft plate,' the electricity becomes doubled, If by this firft 
operation the quantity of electricity does not become fen- 
fible >by the electrometer, I repeat the procefs to ten of 
twenty times, which, by doubling it every time, makes vifible 
the fmalleft conceivable quantity of electricity, fince, at the 
twentieth operation, it is augmented to above 500,000 times. 
And though in defcription the above procefs of doubling to 
twenty times may appear tedious, yet when the operator can 
perform it with fufficient readinefs (which is foon acquired) 
it takes lefs time than 40 -feconds. The collection of electricity 
from the air, and the touching and pofition of the plates, are 
reprefented in Tab. XL figures 1. 2. 3, 45. andoY 

If it be required to produce fparks, the plates are to be 
placed upon an infulating ftand, without an electrometer, and 
the procefs repeated as above till the fparks appear. 

The experiment which proves that the electricity is doubled 
by each operation is this. If the two flips of pendulous leaf 

gold 
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gold of the electrometer be made to diverge to a certain distance 
by the above procefs, that diftance will be nearly doubled by 
repeating the operation. Another proof of this duplicate 
accumulation is, that, when the third plate is applied to the 
firft, the divergency of the leaf gold is apparently undirni- 
iiiihed, though in this fituation their electricity is diffufed over 
double the quantity of furfiice. 

That flame will collect electricity better than points was 
mentioned in my former Paper, and is very evident if two 
phials of equal capacity are expofed to the air, the one fur- 
nifhed with a (harp point, and the other having its knob applied 
to an infulated flame, and their electricity afterwards examined 
by the doubler. 

If the weather be rainy, an infulated umbrella may be carried 
in one hand, and the knob of the phial applied to the upper and 
infulated part of the handle; and if it rains fo flowly as not 
fufficiently to communicate electricity to the umbrella, a torch 
is carried under the umbrella, and u fed as defcribed above. 

It is obvious that fome caution is neceffary in managing ex- 
periments of fo much nicety, fince, by the leaft friction of the 
hand on the varnifhed fides of the plates or infulating handles, 
or if the metallic tide of one plate be accidentally rubbed 
againft the varnifhed fide of the other, fome degree of electri- 
city is produced, which, becoming fenfible by the operation of 
doubling, may render the experiments equivocal.' 

To obviate thefe inconveniencies, I join a conducting handle? 
by means of an infulating nut, to each • of the plates, This 
handle confifts of turned unbaked mahogany, about three 
inches long, into one end of which is inferred a nut of baked 
wood, about half an inch long, covered with fealing-wax, 
upon the other end of which nut the brafs focket of the plate 
is fixed ; by this means it is not neceffary to touch the fealing- 
wax 
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wax of the infulating nut, but occasionally to ftretch a finger 
over it to touch the plate, whilft the mahogany handle is held 
in the fame hand. 

Having found, by repeated experiments, that two clean me- 
tallic plates, or two equally varnifhed plates, rubbed together, 
produced no electricity, I varnifhed the fecond plate on both 
fides, but more thinly than when one fide only was varnifhed, 
and in forne experiments ufed thimbles on the ends of the 
touching fingers. In this way the inconveniencies of accidental 
fricVion were in fome meafure obviated, but much lefs than I 
firil expected ; for, notwithftanding the utmoft care, electricity 
is produced without previous communication : therefore, in ex- 
periments requiring the electricity to be often doubled, its com- 
munication may yet be afcertained by applying it to the firft 
and fecond plates alternately; fo that politive electricity com- 
municated to the firft plate appears pofitive by the electrometer ; 
but the fame electricity, applied to the fecond plate whilft the 
firft is touched, produces negative in the eleclrometer. 

I beg leave to add, that this method of doubling either pofitive 
or negative electricity, as well as M. VoLta's condenfer, with 
Mr. Cavalllo's improvement on it, as alfo the ingenious experi- 
ments of Father Becc aria with double plates of glafs, which he 
feparated after charging, are all of them to be explained from the 
fame principles with the JLeyden bottle, of which they may 
be all faid to be only different applications. I mail not therefore 
trouble the Society with any further theory on this fubject, but 
proceed to lay before them the diary which I have hitherto 
kept, and during which time, I have found no difficulty in col- 
lecting eleCtricity from the atmofphere pofitive or negative, fo 
as to become fufficiently fenfible by the above defcribed appara- 
tus, though the hygrometer has fometimes ihewn the greateft 
degree of moifture. 

Diary 
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Baro- 


Thermo- 


hygro- 


Electri- 




Time of obfervatiori. 


Weather. 


Winds. 


meter. 


meter. 


meter. 


city. 




1787. 






Jn. 





In. 






Jan. 43. II o'clock morning 


Cloudy- 


W. moderate 


29-3 


44 


o|M 


Pofttive 




24. \ paft IO morning 


Thin clouds 


N. moderate 


2944 


42 


ofM 


Pofitive 




25. 1 1 morning 


Thin clouds 


E. gentle 


29 5' 


3 Z 


of D 


Pofitive 




25. 1 2 at night 


Hard froft and aurora borealis 


E. gentle 


29.56 


3a 5 


of D 


Pofitive 




26. 1 1 morning 


Clear froft 


N. gentle 


29-5 


38 


of D 


Pofitive 




26. | paft 8 at night 


Begin niug to mow 


N.E. briflc 


29-S 


37 


ofD 


Pofitive 




27. 1 1 morning 

28. 10 morning 


Cloudy and likely to fnow 


N.E. gentle 


29.2 


35 


o|D 


Pofitive 




Snowing 


S.E. flrong 


28.8 


28 


o|D 


Negative 


L 


28. 40 min. paft 12 noon 


Snowing very little 


S.E brilk 


28.5 


28 


o|D 


Pofitive 




28. 11 at night. 


Fair, but over-caft 


S. gentle 


29.06 


37 





Pofitive 




29. 10 morning 


Small rain and mill on the hills 


S. briflc 


29.06 


38 


3 fM 


Negative 




29. \ paft 10 morning 


Rain cealed 


D" 


29 06 


33 


3tM 


Pofitive 




29. 3 afternoon. 


Few drops of rain 


S. ftrbng 


29.06 


41 


s*m 


Pofitive 




30. 45 min. paft 10 morning 


Fair, but over-caft 


S. ftrong 


29.45 


44 


6|M 


Pofitive 




30. ii morning 


D° 


D ! 


29.4.4 


46 


7*M 


Pofitive 




31. IO morning 


Fair and clear. 


S.W. gentle 


29 55 


4+ 


3 |M 


Pofitive 




Feb. 1. 9 morning 


Thick mift with fine drops of rain 


Calm 


29-53 


4.6 


2^M 


Pofitive 


I 


1. II morning 


Thick mift 


S.W. gentle 


D J 


r>° 


D 3 


Pofitive 




2. 1 1 morning 


Thick mift 


S.W. gentle 


29.4 


44 


ifM 


Pofitive 




3. 1 morning 


Heavy clouds 


S.W. briflc 


29.2 


46 


31 M 


Pofitive 




3. | paft 1 1 morning 


Small rain 


S.W. ftrong 


V 


D° 


D° 


Negative 




4. 8 morning 


Clear and frofty 


Calm 


29-3 


42 


o*D 


Pofitive 




5. § paft 10 morning 


Thick mift on the, hills 


S.E. gentle 


29.26 


38 


OfM 


Pofitive 




6. IO morning 


Thick mift and few drops of rain 


S. gentle 


20 12 


40 


I M 


Pofitive 




7. \ paft 10 morning 


Cloudy 


S.W. briflc 


28.7 


46 


51 M 


Pofitive 




7. \ paft 2 afternoon 


Small rain 


S.W. briflc 


28.69 


47 


43 M 


Negative 




8. 2 paft nine morning 


Clear and frofty 


Calm 


29.28 


40 


oJM 


Pofitive 




Oi 12 noon 


Cloudy after rain 


S. ftrong 


28.75 


46 


4H 


PoGtive 




9. J paft 1 afternoon 


Rain 


S. ftrong 


28.68 


46 


4 |M 


Negative 




IO. 9 morning 


Rain 


S. gentle 


28.64 


44 


If M 


Negative 




II. 12 noon 


Beginning to rain 


S. briflc 


28.34 


42 


2 M 


Negative 




12. 12 noon 


Fair, with heavy clouds 


S. ftrong 


27.8 


44 


2fM 


Pofitive 




13. J paft 9 morning 


Very fmall rain, thin clouds 


N.W. briflc 


28.1 


44 


i|M 


Negative 




14. and 15. abfent. 
















16. 10 morn. 


Small rain 


S.W. gentle 


28.83 


47 


3f M 


Negative 




17. 10 morning. 


Very few thin clouds 


W. gentle 


29.42 


44 





Pofitive 




18. 1 afternoon 


Few white clouds 


W. briflc 


29 42 


48 


I M 


Pofitive 




19. 1 1 morning 


Few diftant clouds 


N.W. gentle 


2 9 53 


47 


if M 


Pofitive 




20. 1 1 morning 


Over-caft 


N. gentle 


29.47 


46 


If M 


Pofitive 




21. 3 afternoon 


Heavy clouds 


N. gentle 


29.42 


47 


ifM 


Pofitive 




22. 1 1 morning 


Few white clouds 


N.E gentle 


29.4 


40 


o£D 


Pofitive 




23. i paft IO morning 


Over-caft 


E. briflc 


29.38 


40 


if D 


Pofitive 




24. IO morning 


Clear and frofty 


S.E. gentle 


29.3a 


42 


Of D 


Pofitive 




25. \ paft 12 noon 


Few clouds 


N.W. ftrong 


29 23 


46 


1 M 


Pofitive 




26. | paft 10 morning 


Clear 


S. gentle 


29-3 


45 


05 D 


Pofitive 




27. mentioned afterwards 
















28. § paft 12 afternoon 


Few white clouds 


W. ftrong 


29.07 


48 





Pofitive 




Mar. 1. 2 afternoon 


Few drops of rain 


S.W. ftrong 


28.68 


5° 


3 fM 


Negative 




2. IO morriing 


Small rain. 


'S.W.very flroni 


; 28.35 


4.7 


4*M 


Negative 





N. B. The thermometer and hygrometer were placed where they were not likely to be altered by 
fixed up three years and upwards, during which time its index has moved withi 

Vox. LXXVII. 
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Winds. 


Baro- 
meter. 


Thermo- 
meter. 


rlygro- 
meter. 


Elecrri- 
city. 


Inftruments to 
colled. 


Number of times doubted, a 






In. 




In. 










W. moderate 


29-3 


44 


o|M 


Pofitive 


Torch and bottle 


Plate once lifted up. 




N. moderate 


2944 


42 


ofM 


Pofitive 


D° 


Ditto. 




E. gentle 


29 5' 


37 


Of D 


Pofitive 


D* 


Ditto. 


s 


E. gentle 


29.56 


38 


of D 


Pofitive 


D° 


Ditto, no ftronger than before. 




N. gentle 


29-5 


38 


of D 


Pofitive 


D° 


Ditto ; a ftrong bottle was this day tried, which appeared 




N.E. bride 


29-5 


37 


ofD 


Pofitive 


Umbrella 


Doubled. 




N.E. gentle 


29.2 


35 


OfD 


Pofitive 


Torch and bottle 


Plate once lifted up. 




S.E. ftrong 


28.8 


28 


o|D 


Negative 


Umbrella and torch 


Ditto. 




S.E bride 


28.5 


28 


ofD 


Pofitive 


Torch and bottle 


Doubled. 




S. gentle 


29.06 


37 





Pofitive 


r>° 


Plate once lifted up; divergency of the leaf gold very gre. 


lilts 


S. bride 


29.06 


38 


3 |M 


Negative 


D° 


Ditto, but weaker. 




D" 


29 06 


38 


3tM 


Pofitive 


D° 


Four times doubled. 




S. ftrong 


29.06 


41 


5*M 


Pofitive 


D° 


Plate once lifted up. 




S. ftrong 


29-45 


44 


6|M 


Pofitive 


D° 


Ditto. 




D' 


29.44 


46 


7*M 


Pofitive 


D° 


Ditto; the hygrometer was higher than known during aboi 




S.W. gentle 


29 55 


44 


3 *M 


Pofitive 


D° 


Ditto. 


rain 


Calm 


29-53 


46 


2|M 


Pofitive 


Umbrella and torch 


Three times doubled. 




S.W. gentle 


D J 


D 3 


D° 


Pofitive 


Kite 


Strong fparks were produced from a firing 260 yards long, 




S.W. gentle 


29.4 


44 


ifM 


Pofitive 


Torch and bottle 


Plate once lifted up, very ftrong. 




S.W. brilk 


29.2 


46 


3lM 


Pofitive 


D° 


Ditto, alfo very ftrong. 




S.W. ftrong 


D° 


D° 


D° 


Negative 


Umbrella 


Twice doubled; a few minutes after the torch was tried, w 




Calm 


29-3 


42 


o| D 


Pofitive 


Torch and bottle 


Plate once lifted up. 




S.E. gentle 


29.26 


38 


OfM 


Pofitive 


D° 


Ditto, ftrong. 


rain 


S. gentle 


20 12 
28.7 


40 


I M 


Pofitive 


D° 


So ftrong as twice to ftrike the fides of the electrometer, a 




S.W. brift: 


46 


5?M 


Pofitive 


D° 


Plate once lifted up. 




S.W. bride 


28.69 


47 


4l M 


Negative 


Umbrella 


Ditto. 




Calm 


29.28 


40 


ofM 


Pofitive 


Torch and bottle 


Ditto. 




S. ftrong 


28.75 


46 


4M 


Pofitive 


D a 


Ditto. 




S. ftrong 


28.68 


46 


4 |M 


Negative 


Umbrella 


Ditto. 




S. gentle 


28.64 


44 


IfM 


Negative 


Umbrella 


Ditto. 




S. bride 


28.34 


42 


2 M 


Negative 


Torch and bottle 


Ditto. 




S. ftrong 


27.8 


44 


2|M 


Pofitive 


r>° 


Ditto. 




N.W. bride 


28.1 


44 


IfM 


Negative 


D° 


Ditto j 10 minutes after the rain ceafed the electrometer w 




S.W. gentle 


28.83 


47 


3i M 


Negative 


D° 


Ditto. 




W. gentle 


29.42 


44 





Pofitive 


D° 


Ditto. 




W. bride 


29 42 


48 


1 M 


Pofitive 


D* 


Ditto. 




N.W. gentle 


29 53 


47 


ifM 


Pofitive 


D° 


Ditto. 




N. gentle 


29.47 


46 


IfM 


Pofitive 


D° 


Ditto. 




N. gentle 


29.42 


47 


ifM 


Pofitive 


D° 


Ditto. 




N.E gentle 


29.4 


40 


o|D 


Pofitive 


D° 


Ditto. 




E. bride 


29.38 


40 


lfl> 


Pofitive 


D° 


Ditto. 




S.E. gentle 


29.32 


42 


ofD 


Pofitive 


D° 


Ditto. 




N.W. ftrong 


29 23 


46 


I M 


Pofitive 


Lantern 


Juft fenfible to tbe electrometer, without the doubter. 




S. gentle 


29-3 


45 


0| D 


Pofitive 


Lantern 


More fenfible, the lantern being elevated fifteen feet high 




W. ftrong 


29.07 


48 


O 


Pofitive 


Lantern and bottle 


Four times doubled. 




S.W. ftrong 


28.68 


5° 


3 fM 


Negative 


Umbrella 


Often doubled; a few minutes after rain ceafed, and the < 


S.W.very firon; 


I 28.35 


47 


44M 


Negative 


Umbrella and torch 


Plate once lifted up. 



;ed where they were not likely to be altered by accidental heat. The hygrometer confifted of fifteen feet ( 
, during which time its index has moved within the fpace of 14 inches, which is therefore divided into inc! 

U u 
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,lec"tricity. 

Number of times doubled, and other obfervations. 



Plate once lifted up. 

Ditto. 

Ditto. 

Ditto, no ftronger than before. 

Ditto ; a ftrong bottle was this day tried, which appeared to colleft as well as any. 

Doubled. 

Plate once lifted up. 

Ditto. 

Doubled. 

Plate once lifted up; divergency of the leaf gold very great. 

Ditto, but weaker. 

Four times doubled. 

Plate once lifted up. 

Ditto. 

Ditto; the hygrometer was higher than known during above three years. 

Ditto. 

Three times doubled. 

Strong fparks were produced from a firing 260 yards long, with brafs wire in it. 

Plate once lifted up, very ftrong. 

Ditto, alfo very ftrong. 

Twice doubled ; a few minutes after the torch was tried, when the rain had ceafed, and a much ftronger pofitive was produced. 

Plate once lifted up. 

Ditto, ftrong. 

So ftrong as twice to ftrike the fides of the electrometer, and fenfible without the plates. 

Plate once lifted, up. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto; 10 minutes after the rain ceafed the electrometer was weakly negative, and 5 minutes after that ftrongly pofitive. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Juft fenfible to the eleftrometer, without the doubter. 

More fenfible, the lantern being elevated fifteen feet high. 

Four times doubled. 

Often doubled ; a few minutes after rain ceafed, and the eleftrometer became pofitive. 

Plate once lifted up. _^____ 

it. The hygrometer confifted of fifteen feet of whipcord, fufpended horizontally : it has been 
14 inches, which is therefore divided into inches and eighths, moift and dry. 
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The atmofpherical electricity was fometimes fo ftrong as to 
need no doubling, and moftly required only one application of 
the fecond plate, yet I frequently found it neceffary to repeat 
the procefs from two or three to twenty times. Perhaps the 
exact comparative quantity of electricity refiding in the atmo- 
fphere might be meafured by the number of operations re- 
quired to render it perceptible by the electrometer, all other 
circumftances being cautioufly attended to. 

If the electricity of the atmofphere fhould happen to be 
much weaker than I have yet found it, there remains not only 
the refource of doubling oftener, but the capacity of the in- 
ftruments may be much increafed ; as, firft, by ufing a larger 
flame ; fecondly, by elevating it higher ; thirdly, by collecting 
the electricity with a very thin glafs ball, filvered within, and 
coated on the outfide in the common way, or gilt ; fourthly, 
by grinding and polifhing the plates of the doubler very 
exactly ; fifthly, by making the experiments in an advantageous 
iituation. In all thefe particulars my apparatus was defective, 
yet amply fufficient for the difcovery of the atmofpherical 
electricity. 

After confidering the fuccefsful effect of flame, in collecting 
atmofpherical electricity, I placed an infulated lantern upon a 
pole about fifteen feet high, and fufpending a gold thread from 
the lantern connected it with the electrometer, and was agree- 
ably amufed with feeing the pendulous gold leaf open and (hut 
with every pafling cloud. 

On the 27th of February, 1787, when there was a confi- 

derable mift whilft the lantern was thus elevated, the leaf 

gold frequently ftruck the fides of the electrometer; and, in 

' Vol. LXXVII. X x about 
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about an hour, fome drops of rain beginning to fall, the 
appearance of electricity with this apparatus entirely ceafed, 
though I elevated the lantern feveral times in the courfe of 
the day. 




JVu/^.Tranj. Vvl. TuXXVR.7aA XI. /j. Zpfc 




